Swine are economically important food animals, but highly contagious enteric viruses can affect entire swine herds and contribute significantly to piglet morbidity and mortality. The most frequent viruses associated with pig gastroenteritis have been reported as porcine epidemic diarrhea virus (PEDV) and rotavirus. Rotavirus is an important cause of diarrhea in piglets and pigs worldwide, and group A and C types are those that pig herds are mostly affected by. In Thailand, studies on rotavirus group A (RVA) have been reported continuously, whereas information on group C is still limited. In this study, we aimed to identify rotavirus group C (RVC) from the feces and intestinal contents of pigs affected with diarrhea. Seven hundred and sixty-nine samples were collected from swine herds located in difference provinces throughout Thailand. The specimens were tested using virus-specific RT-PCR to detect the gene encoding RVC capsid protein VP7 and VP4.
99 al., 2016; Zhou et al., 2016) . Currently, RVC genotypes based on the VP7 gene have been 100 established as 10 G genotypes. Porcine RVCs are shown in G1, G3 and G5-G10, bovine RVCs 101 are exhibited in G2, and human RVCs are exhibited in G4 (Collins et al., 2008; Moutelikova et 102 al., 2015; Rahman et al., 2005) . 103 For pig herds in Thailand, reports on infection and molecular characterization of porcine 104 RVC are still limited. Thus, the objective of this study was to investigate the occurrence and 105 molecular characterization of RVC in pigs with acute gastroenteritis from swine herds in 106 Thailand between 2011 and 2016. The specimens in this study were stools and small intestine contents from pigs of various 117 ages with clinical signs of watery diarrhea, and were submitted to the Livestock Animal 129 Moreover, samples were categorized into age groups: 0-6 days, 1-4 weeks (pre-weaning), 4-8 130 weeks (early nursery), 8-12 weeks (late nursery), >12 weeks (starter-finisher), and sow (both 131 pregnant and lactating). All specimens were also screened for RVC. Amplification of the VP7 gene region was 165 performed by using specifically designed primers from our center. Partial VP4 gene 166 amplification was subsequently performed for all VP7-positive samples. The RT-PCR and 167 sequencing was carried out using a set of VP4 primers from Amimo, reported in 2013, for which 168 the amplicons were located at the VP8 segment (Amimo et al., 2013) . The primer sequences, 169 annealing temperatures and amplicons with product sizes are shown in Table 1 .
170
The cDNA synthesis was performed by one-step RT-PCR by using the SuperScript III 177 bp amplicon of VP7 and the 1222 bp amplicon of VP4 were cut from the agarose gel and 178 purified by using a Purification Kit (GeneAll, Seoul, Korea). Consequently, the purified 179 products were sent for sequencing (First BASE Laboratories, Selangor, Malaysia).
Molecular characterization and phylogenetic analysis of RVC

181
The nucleotide sequences were assembled using SeqMan sequence analysis software 182 Version 6 (DNASTAR Inc., Madison, WI). The nucleotide sequence alignment was performed 183 by using Clustral X multiple alignment, version 2.0.11 (Larkin et al., 2007) . The nucleotide 184 sequence was compared with reference sequences from the GenBank database. Phylogenetic 
203
The RVC and RVA infections were found at the highest occurrence rate in >4-to 8-204 week-old piglets, whereas PEDV was most prevalent in piglets less than a week old (32.9%) 205 (Fig. 3) . All of the RVC-positive samples were collected from piglets with clinical signs of 206 diarrhea. A list of the 47 RVC strains, the co-infections with RVA or PEDV, or single RVC 207 infection status, the age of pigs, sample types, and G and P genotypes of the RVC strains, are 208 shown in Table 2 . To better understand the genetic relationship between RVC and genotype, 47 RVC-212 positive samples were selected for VP7 and VP4 gene sequencing. The VP7 gene was used for 213 RVC screening, and VP4 gene amplification was performed subsequently.
214
The nearly full length of the VP7 sequences and the partial VP8 segment of VP4 were PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.3515v1 | CC BY 4.0 Open Access | rec: 9 Jan 2018, publ: 9 Jan 2018 215 determined (expected product lengths 1046 bp and 1222 bp, respectively). A phylogenetic tree 216 was reconstructed to compare 47 RVC strains and known RVC sequences that were available 217 from the GenBank database. The 85% and 80% nucleotide percent identity cut-off values were 218 proposed to divide the phylogenetic tree for VP7 and VP4 genotypes, respectively. 219 220 VP7 gene sequence 221 The G genotype identification (VP7 gene) was obtained for 47 from a total of 51 RVC-222 positive samples (4 samples were not successfully sequenced). We identified four G genotypes 223 as G1, G3, G6 and G9. G1 was the most frequently detected in 54.9% (28/51) samples, G6 was 224 detected in 19.6% (10/51), G9 was detected in 15.7% (8/51) and G3 was the least frequently 225 found in 2% (1/51) samples. The phylogenetic tree is shown in Fig. 4 .
226
The nearly full-length VP7 sequence (nt 112-952) encoding a protein of 279 aa 227 was analyzed. We analyzed residues 38 to 316, which were located between the VR2 and VR8 228 regions, while the VR-1 region was non-applicable. Several amino acid changes within the 229 variable region were found. The open reading frame within variable region-2 (VR-2) of RVC 230 G1 and G9 represented three variable sites at residues 39, 53 and 57. Almost all G6 strains (9/10 231 strains) were found to have a 4 aa insertion between residues 245 and 248 232 (SSSV/SSTL/SSTM/SSSM), located at the carboxy-terminus of the VR8 variable region, except 233 for strain RVC/Pig/THA/CU146C/16/G6 (Supplementary data; Table S1 ). The VR-4 region, the 234 potential N-linked glycosylation sites (located at residues 67-69 and 225-227 (Asn-X-Ser/Thr)) 235 and the putative signal cleavage site (residues 49-50 (A/G-Q)) were conserved in all strains in 236 this study.
An analysis of genetic relationship between strains in this study and previous RVC 238 strains was included. The results showed G1 strains were closely related to the prototype strain 239 Cowden (86.1-91.7% nucleotide identity). G6 strains shared high nucleotide identities to a 240 porcine rotavirus strain from Italy (strain ITA/43/06, which was isolated in 2005) (88.6-90.9%).
241 G9 strains were closely related to a Vietnamese porcine rotavirus strain (strain RVC/Pig-242 wt/VNM/14175_22) (86.3-89.5% nucleotide identity). G4 strains were diverse from human 243 RVC, due to a G3 strain RVC/Pig/THA/CU-PY/12/G3 that shared low relatedness to the porcine 244 G3 prototype strain HF (78%). 254 nucleotide identity and identity was more than 99.8% for P[5] strains. A phylogenetic tree of the 255 VP4 gene sequences was also reconstructed (Fig. 5) .
256
For all the Thai strain amino acid sequences, no insertions or deletions were found in 257 their VP8 segments, including the cleavage site. Hypervariable amino acid positions were found 258 for many sites, such as positions 228, 236 and 241. Conserved regions were found behind 259 position 260 (Fig. 6 ). (Jeong et al., 2015) . Apart from 287 piglets, we also found dual infection between PEDV and RVA in sows, even though sows are 288 usually asymptomatic in either disease. The possibility of multiple enteric viruses circulating 289 and persisting within swine herds might be increased from vertical transmission at the beginning. 
296
For the study of genetic relationships, the VP7 nucleotide sequences of the Thai RVC 297 strains were compared. Most of field Thai RV strains had close genetic relationship, such as the 298 G1 strains shared nucleotide sequence identities of between 83.7 and 100%, the G6 and G9 299 strains shared 82.2-100% and 83.2-100% nucleotide identities in their genotypes.
300
Even though, there was some evidence of genetic diversity among G6 Thai strains. 
307
Apart from strain RVC/Pig/THA/CU146C/16/G6, we found the G6 genotype has four 308 amino acid additions at the carboxy-terminus of the variable region VR8 (between residues 245 309 and 248). These findings were related to several strains from Italy (strain 344/04-7, 43/06-16, 310 43/06-22 and 134/04-2), the Czech Republic (strain CZE/P8/2011) and Japan (strain CJ3-6) 311 Moutelikova et al., 2015; Suzuki et al., 2015) . However, there are no 312 documented reports linking this substitution with any disease severity.
313
G1 was the predominant genotype and G3 a rare genotype detected in this study, unlike 314 in a Korean report, which suggested G3 and G7 were the most frequently detected genotypes 315 (Jeong et al., 2015) . However, this finding of a predominant G1 genotype was correlated with 
318
The mixed G genotypes within the same farms were also detected in this study. The 319 specific genotype distributions among each year were not clear, even though the G1 genotype 320 has been the most commonly detected since 2014. Likewise, the report from 321 suggested inappropriate management and overcrowded conditions may lead to multiple enteric 322 pathogens or mixed viral infections .
323
Due to the fact that we were not able to sequence all the VP4 gene (for a total of 47 RVC 324 strains), there were probably issues such as high variability in the region that we used for 327 strains were collected from the same herd and the same period, it was probably those strains that 328 had high genetic similarity rather than other genotypes such as P[4] or P [7] .
329
The genetic relationship between VP4 sequences in this study and previous RVC isolates 330 was also determined. The sequence identity among Thai RVC strains and porcine prototype 331 strains was quite low, such as the Cowden strain was between 59.6 and 66%, for the human 332 strain Bristol was 52.2-62.7% and for bovine strain Shintoku was 59.5-66.1%. Most of the Thai 333 strains had nucleotide identities close to Asian RVC strains (Korean and Japanese strains) (Jeong 334 et al., 2015; Suzuki et al., 2015) . This finding was suggestive that the same RVC genotype 335 might circulate and be maintained within Asian countries. Table 1 . Oligonucleotide primers used in this study. Porcine RVC strain information.
